Abstract-Location-based services have become important in social networking, mobile applications, advertising, traffic monitoring, and many other domains. The growth of location sensing devices has led to the vast generation of dynamic spatialtemporal data in the form of moving object trajectories which can be characterized as big trajectory data. Big trajectory data enables the opportunities such as analyzing the groups of moving objects. To obtain such facilities, the issue of this work is to find a distance measurement method that respects the geographic distance and the semantic similarity for each trajectories. Measurement of similarity between moving objects is a difficult task because not only their position changes but also their semantic features vary. In this research, a method to measure trajectory similarity based on both geographical features and semantic features of motion is proposed. Finally, the proposed methods are practically evaluated by using real trajectory dataset.
I. INTRODUCTION
Today, there have been many technologies to provide location services such as Global Positioning Systems (GPS), location estimate smart phone sensors, GSM beacons, infrared or ultrasound systems etc. Consequently, it becomes easier to build large data trajectory tracking of moving objects. The spatial trajectory data record the history of moving objects in geographic space. Spatiotemporal data management and query processing have been an active topic of research in the past decades, covering a wide range of areas. Some moving objects in the real world share the same moving patterns, which is an important feature and can help people solve real problems. Intuitively, if two trajectories can be considered as similar to each other, they should satisfy some particular requirements, for example, they should be close enough to each other in the Euclidean space, and further they should have similar directions. Then a challenging problem is: how to measure the closeness?
A trajectory is a record of the path of a variety of moving objects including human beings, animals, vehicles, and even natural phenomena such as hurricanes. Trajectory is a trace formed by a moving object on geographic location, usually represented by a series of chronologically ordered points: for example, p 1 p2 … pn, where each point is made geospatial coordinates set a time stamp, as p = (x, y, t). Such trajectory information is a database on a large scale, it can be called big data. Big trajectory data consists of a wealth of information about when and where a specific object is moving. It can offer a unique opportunity to discover the physical patterns of users. Therefore, the ever-increasing volumes of big trajectory data needs for new models and computationally efficient algorithms for efficient storage, processing, analysis and visualization of advanced data-intensive systems and applications [9] .
However, it is difficult to control process and mine trajectory data. There is a number of challenges to mine the large-scale trajectory data. First, there is a nontrivial task to store big volume of data tracks that are rapidly accumulating. Secondly, it is elusive to define the similarity measure for comparing the trajectory, because the trajectories are likely to be built with different sampling techniques or different sampling frequencies. Thirdly, query processing in bulk volume trajectory data is very difficult in terms of space time or complexity [16] . To address these issues, by taking into account an object's trajectory sequence, an approach is proposed to measure the distance between trajectories from a large number of trajectories data by considering both geographic and semantic similarity score. This methods are evaluated with a large-scale real-world GPS dataset. As a result, our method outperforms the related work using the various clustering algorithms. This paper is organized as follows. Section I introduces what trajectory data and trajectory data mining are. Section II offers related work about this research. Section III covers the compression big trajectory data. Section IV presents the important components of measuring the geographic distance of trajectories. Section V covers the semantic similarity measurement for each trajectories. Section VI discusses about the calculating the total trajectory distance based on both geographic and semantic score. Next, performance evaluation of the proposed method is discussed in Section VII. Section VIII discusses about the validation of the proposed method. Finally, Section IX concludes this work. 
II. RELATED WORK
People have been registering their movements in the real world as spatial trajectories for a long time. A large number of vehicles equipped with GPS such as taxis, buses, ships and airplanes have appeared in our daily lives. Basically, a timestamped geographic data can be coordinated every second for a moving object. But these big trajectory data costs a lot of the excessive costs for communication, computing and data storage. In addition, many applications do not really require such a locating accuracy. To solve this problem, compression strategies were proposed to reduce the size of a trajectory without affecting accuracy in its new data representation [12] . Some are the compression that reduces the size of the path after the path has been completely created. The others are, on-line compression, compressing a web immediately like a travel object.
A number of approaches measuring the similarity of the moving object trajectories are cluster-based methods [3] , [11] . A partition-and-group algorithm to cluster similar trajectories is discussed in [8] . It defines three measurement, i.e., perpendicular distance, parallel distance and angle distance as the measurements of the similarity. An approach which mines the similarity of people's trajectories based on location histories is proposed in [2] .
While the above models find the trajectory similarity based on geographic features, some recent approaches introduce the semantic tags to enhance the accuracy of the measurement [14] . The authors consider trajectories as a set of stops and moves. A recent approach which detects similarity in semantic trajectories is proposed. It defines a stay point as the place where a user stays for a while, and it carries a particular semantic meaning. The approach uses the longest common subsequence (LCSS) algorithm to find the similarity mainly on the semantics. A continuous work adds geographic feature to measure the similarity and make prediction. It introduces two measurements, i.e. Semantic Score and Geographic Score. However, this approach first filters the trajectories by semantic similarity and then detect the geographic similarity, therefore two trajectories which are far from each other might have a very high similarity score, if their semantic similarity is high. The difference of our approach is that we compare geographic similarity at the beginning and then measure the semantic similarity.
In this paper, an approach to measure the similarity between moving object trajectories is proposed. The method is based on both geographic features as well as semantic properties of trajectories. Then we combine both similarity measurements together and define an efficient distance function.
III. COMPRESSING BIG TRAJECTORY DATA
Trajectory data grow intensively as the time goes by, this is due primarily to the large availability of mobile sensors, such as GPS-enabled smart phones. Accordingly, there are a huge number of data stored in database, thereby the necessity of trajectory data compression which plays an essential task of big trajectory reconstruction. The objectives of trajectory compression are to reduce the size of the dataset, and to allow computations with low complexity, and also to support low deviation between the reduced trajectory and the original one, without warping the trend of the trajectory or distorting data.
Moving object data are normally available as sample points in the form (tid, x, y, t), where tid is an object identifier and x, y and t are respectively spatial coordinates and a time stamp. To compress big trajectory data, movement status (such as position, direction, and speed etc.) need to be retained. In our study, the developed methodologies, namely KiT is used to reduce the size of big trajectory dataset [15] . KiT algorithm detects key points in a raw trajectory. It denoted a trajectory as: P= {Pt0, Pt1, Pt2, Pt3...Ptn} where, Ptn ={x,y,tn} is referred as a data point. The output of KiT is to find a reduced subset of P denoted as P' and P'= {Pt0, Pt1… Pti…Ptj} 0<i<j.
Given a spatial trajectory, the storage cost of original trajectory relies on the sampling rate. The higher the sampling rate, the more the points contains with higher storage cost. However, the sampling rate does not affect KiT compression that much. KiT can compress under different sampling rate. Via changing the sampling rate from 5 second/point to 30 seconds/point, the KiT compression on average can achieve a fair compression ratio which is the median sampling rate of the trajectory dataset used. Fig. 1 , shows the original trajectory of the Geolife dataset which is used in this research. A GPS trajectory of this dataset is represented by a sequence of time-stamped points, each of which contains the information of latitude, longitude and altitude. The first, second and third columns represent latitude, longitude and altitude respectively. In this research, two dimensional operation will be performed in each trajectory including latitude and longitude. A line in a file represents a point and a file represents a trajectory. Fig. 2 , presents the compressed trajectory of this dataset using KiT algorithm. KiT algorithms is able to reduce the size of the trajectory data by removing non-crucial data points. It uses geometric principles to identify important positional data points. It shows that a trajectory can be reduced without distorting the original data. 
IV. GEOGRAPHIC DISTANCE BETWEEN TWO TRAJECTORIES
When measuring the similarity between two trajectories, an intuitive way is to measure how close in distance they are to each other. In order to analyze trajectory data points, one has to define a metric such that the value of that metric between two points accurately represents the degree of dissimilarity or similarity between them. Dissimilarity is numerical measure of how different two data objects are. It is large when instances are very different and is small when they are close. Distance d (p, q) between two trajectory p and q is a dissimilarity measure if it satisfies:
In this research, very general procedures, capable of processing all trajectory data, are necessary without prior knowledge of the geographical location where they are collected. Beyond the notion of mathematical distance, many functions can be used to qualify this dissimilarity. Actually, the desired distance should have the properties including comparing the distances as a whole and the trajectories of different lengths, the time indexing can be very different from one trajectory to another.
The usual distance metric used for this purpose is the Euclidean distance, Cosine distance, Manhattan distance and so on. However, these measurements need to have the same number of points in a trajectory. Therefore, these gaps cannot be used directly for human trajectory since these always have GPS different number of points. Another alternative is to find the center of gravity of each trajectory, and then use the Euclidean distance to measure the distance between the two centroids but this also loses a lot of information. To address these issues, Hausdorff distance for trajectory comparison is used by looking at each of the trajectories as an unordered set of spatial coordinates [13] .
A. Hausdorff Distance
The Hausdorff distance is used to measure the dissimilarity of two sets of points in a metric space. It is defined as the maximum distance from the first set to the point closest to the second set. The Hausdorff distance is the longest distance that an opponent can be forced to choose a point in one of the two sets, from where you must then go to the other set. In other words, it is the greatest of all distances from one point in a set to the next point in the other set. That is, given two sets of points T 1= {a1, a2... an} and T2= {b1, b2... bm}, the directed Hausdorff distance from T1 to T2 is given by: h (T1, T2) = max a €T1 {min b€T2 {d (a, b)}}
where d (a, b) is the distance between points "a" and "b" under any distance metric of our choice. For our application, Haversine formula has been chosen to calculate the distances between two data points using their reported GPS coordinates.
The distance function h (T1, T2) is not symmetric and therefore, h (T1, T2) is generally not equal to h (T2, T2). There are multiple ways of combining the directed Hausdorff distances to obtain an undirected distance measure. In many instances, undirected Hausdorff distance is obtained by taking the maximum of the two directed measures.
H (T1, T2) = H (T2, T1) = max {h (T1, T2), h (T2, T1)} (6)
In the remaining parts of this paper, the distance metric given by (6) is stated as the Hausdorff distance for simplicity.
B. Haversine Formula
Haversine formula denoted by d (a, b) is used to calculate the distance between the individuals points of set T1 and set T2 in order to compare the GPS trajectories. Using the Haversine formula, the approximate distance between two points, "a" and "b", on the surface of the Earth can be calculated as follows:
here, 2 and 1 are latitudes, 2 and 1 are longitudes of points a and b respectively and = 6371 km is the approximate radius of the Earth assuming Earth is a perfect sphere. Actually, the value obtained from the above equations is not metric. So, it is need to standardize the value to the range of [0, 1]. Here, normalization method has been used to be a distance metric from the results of Hausdorff distance function.
V. SEMANTIC SIMILARITY BETWEEN TWO TRAJECTORIES
In this section, we discuss the semantic similarity between trajectories. Similarity measure of how close to each other two objects are. The closer the objects are to each other, the larger is the similarity value. It falls in the range of [0, 1]. Two completely similar, that is identical, objects give the maximum similarity usually "1", whereas the least similar pairs reach the minimum value "0". Similarities, also have some well-known properties. s (p, q) = 1 if p = q (8) s (p, q) = s(q, p) for all p and q (9) where, s (p, q) is the similarity between points (data objects), p and q.
After compressing the trajectories, each trajectory is converted into semantic trajectory. In this phase, we use online reverse geocoding tool to transform GPS trajectories into semantic trajectories [6] . Reverse geocoding is the process if back coding of a point location (latitude, longitude) to a readable address or place name. This permits the identification of nearby street addresses, places and/or subdivisions such as state or country.
After transforming each geographic trajectory to a semantic trajectory, each geographic trajectory set is transformed as a semantic trajectory dataset. The semantic trajectory of a moving object may be quite diverse since the object movements may change time to time. However, the main location of an object may be fixed and thus can be discovered.
Hence, to identify user frequent movement location, we perform sequential pattern mining algorithm Prefix-span on each moving object's semantic trajectory dataset to mine the frequent semantic trajectories by using SPMF [7] . SPMF is an open source data mining library specialized in pattern mining [4] . It offers 120 data mining algorithms. Suppose that, we set the minimum support of Prefix-span algorithm in SPMF as 60%, the pattern and all of its subsequences will be mined. However, it is clear to observe that the longer the pattern we mine the more subsequences will be generated due to the downward closure property. Therefore, the maximal patterns, named maximal semantic trajectory pattern was only maintained for representing user frequent movement places. Now we discuss the semantic similarity between trajectories. Given two maximal semantic trajectory pattern, the argument is that a longer pattern provides more information about moving object than a shorter pattern. They are more similar when they have more common parts. In this phase, we follow Equal Average of [10] approach to find the semantic similarity score of the two trajectories. In this approach, the Longest Common Sequence (LCS) algorithm of these two patterns is used to find their longest common part [5] . The similarity of two trajectory patterns is calculated by averaging the participation ratio of their common part of them. Given the two trajectories T1 and T2, a simple approach is to directly compute the average of the two ratios to T1 and T2 as shown in the following equation:
VI. TOTAL DISTANCE BETWEEN TWO TRAJECTORIES
Now we need to combine both measurements together. If we take a look at Equation 6, we may find that this is a measurement of the length. We need to first normalize the Hausdorff distance measure to the range [0, 1]. However, when we look into Equation 10 , we observe that it is a ratio between [0, 1]. An idea is to take the second measurement as a distance. However, the former is a distance function, but the latter shows a higher score when two trajectories are similar. Thus we should convert the second measurement to the distance. That is, distance is the complement of the similarity measured in the range of [0, 1]. Obviously, a similarity cannot be metric. In general, any monotonically decreasing transformation can be applied to convert similarity measures into dissimilarity measures. Therefore, we give the following definition, the total distance of two trajectories T1 and T2 measures the similarity between them considering both geographic and semantic features, and is defined as:
VII. EXPERIMENTAL EVALUATION
In this section, an experimental study obtained from the above-mentioned distance function is illustrated. Geolife Trajectory dataset is used to evaluate the performance of the proposed method. In this dataset, the GPS data is collected and recorded by 182 users over a three year period of time and contains more than 17,000 trajectories. To evaluate our approach, the proposed method was experimented using Hierarchical Clustering Explorer (HCE) tool. The experiments were run on a PC with Intel Core i7 at 3.40 GHz, 4 GB RAM and 1000 GB hard disk.
Hierarchical clustering approach has been chosen to experiment with total distance function because it can support fully unsupervised learning. Moving objects trajectories may have different number of lengths. It cannot compute the average distance from the different number of trajectory points. Therefore, partitional clustering approach is not suitable for trajectory data mining. A set of experiments is conducted with hierarchical clustering algorithm, which do not require the calculation of the means or centroids of the pairs of trajectories. Hierarchical clustering does not require a prespecified number of clusters. The hierarchy is needed to be cut at some point. A number of criteria can be used to determine the cutting point. Fig. 3 shows sample result for trajectory clustering obtained by our methods with minimum distance 0.295 of 50 trajectories in the GeoLife dataset. Cutting the dendrogram at distance score 0.295 yields 3 clusters. In this experiment, there are 50 trajectories of three continents including Asia, Europe and North America. It is found that the proposed distance can exactly cluster the trajectories according to their respective continents.
As in flat clustering, the number of clusters k can also specify and select the cutting point that produces k clusters. The corresponding results are shown in Fig. 4 that describes the sample results for trajectory clustering obtained by our methods with k = 7 for 100 trajectories of six countries in the GeoLife dataset including China, Cambodia, USA, Italy, France and Spain. There are six countries but we set the number of clusters as k=7. The effect of combining the semantic score was found in this experiment because we found the next cluster in Cambodia. The proposed method can cluster the moving object trajectories accurately based on their distance score and can capture the hierarchy of clusters of trajectories. 
VIII. VALIDATION
Clustering validation is a technique to find a set of clusters that best fits natural partitions (number of clusters) without any class information. This section discusses the validation of the results obtained from our proposed methods. The total distance function measuring the similarity between two trajectories in (11) is symmetric because we have proved that the geographic distance and the semantic ratio are both symmetric, therefore the same value will be gotten no matter which trajectory comes first. To evaluate the cluster results with proposed distance function, we the internal criteria namely Silhouette Index of clustering validity approaches is used [1] .
A. Silhouette
The silhouette value is a measure of how similar an object is to its own cluster (cohesion) compared to other clusters (separation). The silhouette ranges from -1 to 1, where a high value indicates that the object is well matched to its own cluster and poorly matched to neighboring clusters. If most objects have a high value, then the clustering configuration is appropriate. If many points have a low or negative value, then the clustering configuration may have too many or too few clusters. Silhouette value can be defines as:
First, the distance between each of trajectories is computed. The average distance to fellow cluster members is then compared to the average distance to members of the neighboring cluster. The silhouette score for an entire cluster is calculated as the average of the silhouette scores of its members. This is a measure of how appropriately the data has been clustered.
Clearly, Fig. 8 demonstrates that our algorithm achieves very good results, with a typical silhouette score about 70% when the cluster size (k) is set to appropriate value. The more accurate the algorithm cluster, the more increase the score. Our proposed method can capture the inherent characteristics of the trajectories. 
IX. CONCLUSION
In this research, a distance measurement method is performed to measure the similarity of trajectories. Big trajectory data is compressed by using efficient KiT algorithm in order to handle the size of the dataset easily, and to allow computations with low complexity. Hausdorff distance proves suitable to measure the similarity between trajectories of different lengths. Semantic similarity score of each trajectories is measured based on MSTP method. Then, the total distance measurement method is proposed based on both geographic distance and semantic scores for each trajectories. The proposed method is experimented and evaluated using hierarchical clustering algorithm. The clustering results obtained from the proposed method are analyzed for their effectiveness based on internal evaluation criteria. It appears that hierarchical clustering with total distance provides good performance. Additionally, the proposed approach is completely unsupervised and does not require any special domain knowledge.
